We show that in the context of topological string theories N branes and M anti-branes give rise to Chern-Simons gauge theory with the gauge supergroup U (N |M ). We also identify a deformation of the theory which corresponds to brane/anti-brane annihilation.
Introduction
Topological strings propagating on Calabi-Yau threefolds provide a consistent vacuum of bosonic string theory [1] similar, and in some cases equivalent, to non-critical vacua of the bosonic strings. For example the B-model topological string on the conifold is equivalent to non-critical bosonic string propagating on a self-dual circle [2] .
One can also consider open string version of these theories [3] which can be inter- case which leads to holomorphic Chern-Simons theory with supergroup connection). We also discuss the brane/anti-brane annihilation by giving a vev to a scalar field in the theory (which is the topological analog of "tachyon condensation") and show how the physical states of the open string theory are removed upon this deformation.
Certain aspects of brane/anti-brane systems in the context of topological string theory and in particular its relation (in the context of B-model topological strings) with derived category has been pointed out in [4] . The open string field theory comes in general equipped with the ghosts which provide the BRST fields for the open string field theory. This is also the case in this particular example. The ghosts of the Chern-Simons gauge theory in this case correspond to enlarging
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A to be a combination of all forms [3] [5], with even forms being fermionic and odd forms being bosonic. The ghost number of the string field theory coincides with the degree of the form. The usual physical field corresponds to ghost number 1, which is the one-form connection. However in topological string theory it is natural to consider all ghost number fields (including their zero modes) on equal footing and consider the extended theory. In particular the bosonic fields of this extended theory can in general have a bigger moduli space than the original theory as is well known in the context of closed topological strings (where it is called the extended moduli space). We will consider this extended theory also in the context of open strings and this will play an important role when we discuss brane/anti-brane annihilation below.
One can also consider the B-model topological strings and in this case (if we consider N wrapped D6 branes) we obtain a holomorphic version of Chern-Simons theory, whose basic field is a (0, 1)-form connection A of a holomorphic bundle, with the action
where Ω is the holomorphic 3-form on the Calabi-Yau. ] . Similarly on lower even dimensional branes one obtains the natural reduction of the above action to the corresponding dimension. This extended theory (i.e. including all degree forms as part of A) has also been considered recently in [6] .
Topological Anti-D-branes
We should decide what in the topological theory should distinguish branes from antibranes. A natural choice, which we will adopt, is the following: The anti-branes should carry the opposite number of branes compared to branes. In the topological theory the only signature of dealing with a number of branes is the Chan-Paton factor N that one associates to each worldsheet boundary ending on them. Thus if we have M anti-branes, it is natural to associate a factor of −M for each such hole. Put differently, for each anti-brane we put an extra minus sign for each worldsheet hole ending on it. This is our However, the extra minus sign in this annulus diagram implies that they are to be viewed as fermionic fields. In fact these fields naturally assemble themselves into the connection 1-form A for a supergroup U (N |M ). It is also similarly straightforward to derive the open string field theory. It is the Chern-Simons gauge theory for the supergroup U (N |M ):
where the notion of trace in the above action is in terms of the natural trace for the supergroup U (N |M ). The appearance of 'superconnection' is also natural from the viewpoint of brane/anti-brane systems in ordinary superstring theory [7] [8] Note that the above discussion naturally generalizes to the case of topological Bmodels where one ends up getting holomorphic Chern-Simons theory with supergroup U (N |M ). Also one can formulate the reduction of this to lower dimensional holomorphic branes, and for example, study the topological version of the D0 branes dissolving in D2 branes.
Topological Analog of Brane/anti-Brane Annihilation
It is natural to ask if there is any topological analog of tachyon condensation and brane/anti-brane annihilation along the lines proposed by Sen [15] . At first the answer might appear to be in the negative, because the field which would have played the role of the tachyon is fermionic 1-form and it cannot take a vev. However upon closer inspection, as we will now argue the "tachyon field" has a more subtle presence in the Chern-Simons theory. We will identify a field whose vev plays the role of the vev for the tachyon field.
However, there is no potential for the scalar field and in particular it is not tachyonic in the usual sense.
For the case at hand, namely the Chern-Simons gauge theory with supergroup To satisfy the equations of motion, is equivalent to finding a vacuum which has a BRST operator Q which squares to zero: Q 2 = 0. As discussed before, this is equivalent to considering gauge field configurations where the curvature is zero, i.e.,
Note that F is the curvature of the connection for the supergroup U (N |M ). Moreover, if
we allow the bosonic ghosts also to take vev, this is equivalent to allowing the connection to have vevs for the odd forms in the diagonal blocks, and vevs for the even forms in the off-diagonal blocks.
Let us give an example of how this works: Consider two gauge field configurations for the bosonic parts of the supergroup U (N ) × U (M ), characterized by connections A = A N + A M . Suppose there is a covariantly constant field φ in the bifundamental (N, M ),
i.e.,
If we give a vev to this off diagonal component of U (N |M ) at degree 0, i.e. the "bosonic ghost field", then we have another vacuum for the Chern-Simons theory with the gauge supergroup. In particular expanding to quadratic order, we can identify the new BRST operator
where written in this form we view φ as an upper block off-diagonal matrix valued element of U (N |M ) adjoint representation. Note that Q 2 = 0 and we can thus view this as a new vacuum of the theory. This is also consistent with the viewpoint advocated in [4] for cohomological aspects of brane/anti-brane annihilation and its relation to derived category.
The physical states in the new vacuum will in general be different, because now we have a different cohomology problem defined by Q. Let us specialize to the following case:
Suppose we have equal number of branes and anti-branes N = M and assume we have the same flat U (N ) gauge connection on both types of branes. Then we have a natural choice for φ, namely the identity N × N matrix. We will identify giving a vev to this field as "brane/anti-brane annihilation", which is the analog of tachyon condensation in this give vanishing contribution to the partition function. It is amusing that precisely for these cases there is no covariantly constant identity matrix φ (i.e. precisely for the case where we do not expect complete annihilation there is also no reason for the partition function to vanish).
Potential Applications to Superstring Compactifications
As discussed in [16] , topological strings with branes wrapped over Lagrangian sub- with wrapped branes and anti-branes that they compute. This of course would sound very remarkable given that this would correspond to some exact computations in a nonsupersymmetric background. However, this may not be as surprising. For example, the net number of branes is a computation which one expects to be able to do exactly in the non-supersymmetric cases. Also superpotential terms are another example of what branes and anti-branes give rise to that should be exactly computable (similar to turning on RR fluxes in Calabi-Yau, which for a generic moduli is not supersymmetric, but give rise to computable superpotential terms). The terms that the topological superstrings compute in the cases including branes and anti-branes must be generalizations of such terms and it would be very interesting to precisely identify them.
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